Background. The aim of this study was to compare the clinical profile, outcome and the prevalence and management of anaemia between two cohorts of renal transplant patients with graft failure restarting dialysis in 2001 and 2009. Methods. Cross-sectional, observational, retrospective and multicentre study of 397 patients in the 2001 cohort and 222 in the 2009 cohort. Data were recorded at 0, 3, 6, 9 and 12 months before the onset of dialysis resumption and during the first 90 days after restarting dialysis (mortality and hospital admission). Results. Patients in the 2009 cohort were older at the time of inclusion in the study and transplantation, and restarted dialysis therapy with a significantly better glomerular filtration rate. In both cohorts, there was a rapid deterioration of renal function with statistically significant differences in serum creatinine and glomerular filtration rate between the monthly intervals −12 and 0. The mean haemoglobin value at −12 months was 11.6 g/dL Conclusions. At restarting dialysis, the proportion of patients with anaemia (and its severity) due to progressive graft nephropathy decreased over the past 8 years, increasing significantly the percentage of patients treated with erythropoietin. Differences in morbimortality after dialysis resumption were not observed, this is probably due to an increase in the age of donors and recipients.
Introduction
Interest in late renal transplant (RT) graft loss has increased substantially in recent years as it has become evident that improvement in long-term graft survival is still limited by cardiovascular events with functioning grafts and chronic allograft injury, which results in an annual graft loss rate of 3-5% [1] . In fact, RT failure is a leading cause of end-stage renal disease (ESRD) and represents a major reason for resumption of renal replacement therapy [2, 3] . Patients with graft failure are readmitted to dialysis treatment, and account for 4-10% of the patients starting dialysis therapy each year [4] . It has been shown that the number of patients readmitted on dialysis therapy after a failed graft has increased in recent years. Before starting dialysis, these patients are re-exposed to the complications of chronic renal failure but there are no specific guidelines for their treatment. The Kidney Disease Quality Initiative Advisory Board clinical practice guidelines [5] given for non-transplant chronic kidney disease patients have been recommended for ameliorating their clinical situation and the rate of progression of graft failure. The point of dialysis reinitiation and dialysis modality are currently in debate [6] . On the other hand, patients with chronic renal failure due to graft failure have a poorer renal function at the time of dialysis reinitiation, and a more profound anaemia [7] . Additionally, patients starting dialysis with late RT failure are at an increased risk of complications and have strikingly higher mortality rates than non-transplanted dialysis patients [8] .
Post-transplant anaemia is a common complication (∼60%) among kidney recipients in the early post-transplant period as well as in the long term (between 20 and 40%), and is mostly associated with decreased graft function [1, 9, 10, 11] . Other contributing factors apart from allograft dysfunction include the type of immunosuppression (i.e. mycophenolatemofetil, azathioprine, sirolimus and evorolimus), antiviral agents, infections, chronic iron deficiency and use of hypotensive agents, such as angiotensin system blockers [10] . Anaemia may lead to ventricular hypertrophy and congestive heart failure, which may contribute to higher cardiovascular morbidity and mortality [12, 13] . Recent data have suggested strong associations of anaemia with graft failure and mortality in kidney transplant patients [14] [15] [16] . Moreover, adequate management of anaemia may slow the decline of renal function [17] .
However, the impact of post-transplant anaemia on kidney recipient outcomes is sparsely reported. The aim of this multicentre study was to assess changes in the clinical profile and the prevalence and management of 
Materials and methods
This was a cross-sectional, observational, retrospective multicentre study, which was conducted at 15 nephrology and kidney transplant units, and 20 acute care university-affiliated hospitals throughout Spain. The study was carried out according to routine daily practice. The study population consisted of RT recipients who presented progressive loss of graft function and had to be readmitted on dialysis therapy independently of the time elapsed from transplantation. Inclusion criteria were as follows: 18 years of age or older, functioning graft for at least 1 year, chronic deterioration of allograft function after RT, data of serum haemoglobin levels in the patient's medical record for the previous 12 months with regard to readmission to dialysis therapy and during at least 90 days after restarting dialysis, and signed informed consent form. Patients in whom serum haemoglobin data were not consistently registered in the medical records or those who did not provide informed consent as well as multiorgans transplant were excluded and those whose charts were incomplete or unavailable.
The primary objective of the study was to assess changes in the prevalence and management of posttransplant anaemia as well as renal function-related variables of RT patients with graft failure restarting dialysis. To this purpose, two cohorts of RT patients with graft failure were compared. The first cohort included patients restarting dialysis during 1999-2000 and the second cohort included patients restarting dialysis during 2007-08. The secondary objective of the study was the description of the clinical profile of these patients, including clinical risk factors for graft loss and clinical course during the first 90 days after resumption of dialysis treatment. Patients included in the first cohort were recruited from 20 centres between September and December 2001, and patients included in the second cohort were recruited from 15 centres between April and October 2009. All patients or their legal representatives (if a patient has died) gave written informed consent to participate in the study and to use data from the medical records.
For each patient, the following variables were recorded: demographics (age and sex), aetiology of chronic renal failure, RT-related data, management of post-transplant anaemia excluding the early postoperative period, associated co-morbidities developed during the 12 months before dialysis treatment and outcome (hospital admission and death) during the first 90 days after restarting dialysis. Moreover, clinical, laboratory data, immunosuppressive regimen and management of anaemia were recorded at 3-month intervals during the 12-month period before readmission to dialysis treatment (0, −1, −3, −6, −9 and −12).
Anaemia was defined as a haemoglobin concentration <12 g/dL [7. 4 mmol/L] in adult women and <13 g/dL [8.1 mmol/L] in adult men [18] . A cut-off value of serum haemoglobin of 11 g/dL [6.8 mmol/L] triggered treatment with erythropoiesis-stimulating agents (ESA) according to clinical practice [19, 20] . Hypertension was defined as blood pressure ≥ 140/90 mm Hg. The glomerular filtration rate (GFR) was calculated using the modification of diet in renal disease (MDRD)-4 formula. A decline in renal graft function was defined as an unexplained rise of 25% in serum creatinine clearance compared with baseline.
Student's t-test or the Wilcoxon signed-rank test was used for the comparison of haemoglobin levels at the onset of dialysis and for each study period before readmission to dialysis therapy. Differences in morbidity and mortality according to the presence of anaemia and renal function data (serum creatinine, GFR and creatinine clearance) were also analysed. We used multivariable logistic regression to assess the association of clinical factors and outcomes in both cohorts. Also, all the patients were followed up until 3 months after graft loss date. Death at third month was analysed as the dependent variable and age >55 years at the time of inclusion, previous diabetes diagnosis, hepatitis C virus (HCV) infection, hypertension, serum haemoglobin level at Month 0, renal function as serum creatinine at Month 0 and use of ESAs were entered in the model as independent variables. The SPSS program, versions 8.0 and 13.0 were used to analyse data of the 2001 and 2009 cohorts, respectively. Statistical significance was set at P < 0.05.
Results
A total of 397 patients were included in the 2001 cohort and 222 in the 2009 cohort. The distribution of variables in both cohorts is shown in Table 1 . There were no significant differences except for age at the time of inclusion in the study and at the time of transplantation (younger patients in the 2001 cohort) (Figure 1 ), causes of renal failure, HCV infection, pulmonary embolism, donor age, time from renal transplantation to restarting dialysis and peritoneal access. Chronic glomerulonephritis was the most common cause of ESRD. RT-related data are also shown in Table 1 Changes in renal function, mean haemoglobin levels and percentage of patients treated with ESAs in the study population are shown in Table 2 . Patients in the 2009 cohort restarted dialysis therapy with a significantly better GFR than those in the 2001 cohort (1 year before resumption of dialysis 28.6 versus 25.2 mL/min/1.73 m 2 , P < 0.009; on readmission to dialysis therapy 13.3 versus 9.9 mL/min/1.73 m 2 , P < 0.009) (Figure 2 ). In both cohorts, however, there was a rapid deterioration of allograft function within the last months prior to reinitiating dialysis therapy, with statistically significant differences in serum creatinine and GFR between the monthly intervals −12 and 0 ( Table 2) .
The percentage of patients with allograft dysfunctionrelated anaemia as well as its severity decreased over the past 8 years Table 3 . Overall, the percentage of patients with anaemia for the three more frequent immunosuppressive combinations was lower in the 2009 cohort either at Month -12 than at time 0 upon restarting dialysis. −12 vs. 0 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 a <12 g/dL in women <13 g/dL in men. 
Morbidity and mortality
As shown in Tables 5 and 6 . Table 5 Table 6 shows significant differences with better levels of haemoglobin and renal function in the 2009 cohort at the time of restarting dialysis despite differences in morbimortality when compared with the 2001 cohort and a probable higher disease load.
As shown in Table 7 , age >55 years was the main variable related to death at 3 Months, whereas a higher haemoglobin level at Month 0 and the use of ESAs reduced the risk. 
Discussion
RT is the optimal mode of replacement therapy in most patients with ESRD. Although there has been progressive improvement in short-term patient and graft survival rates in the modern immunosuppressant era, in the longer term, there is a persistent graft loss of 2-5% annually. This attrition is due in part to death with a functioning graft, but in most series, the most common cause of graft loss is chronic allograft failure [21] . The mean allograft half-time in Spain is 14 years (time when 50% of the grafts are lost excluding the graft loss within the first year) [22] . Readmission to dialysis therapy in these patients is associated with a higher morbidity and mortality [23, 24] , particularly within the first 90 days of restarting dialysis [25, 26] and is notably higher than that found in patients admitted to dialysis therapy for the first time.
On the other hand, the presence of anaemia in the context of RT is a common feature [27] , with a clear association between haemoglobin levels, renal function and cardiovascular complications [28] . Given the clinical relevance of these data, the present observational retrospective study was conducted to assess changes in the prevalence and management of anaemia in RT patients with graft loss requiring readmission to dialysis therapy based on a comparison of two cohorts of patients attended in clinical practice with an interval of 8 years (2001 and 2009).
With improved and early allograft survival, chronic allograft nephropathy has become the dominant cause of kidney transplant failure [29] . The present results show that in patients with chronic graft nephropathy, there is a rapid deterioration of renal function in the last months prior to requiring resumption of dialysis treatment. In both cohorts, statistically significant differences in serum creatinine levels and GFR were found between values at −12 months and upon reinitiating dialysis. In agreement with other studies [17, [30] [31] [32] , the prevalence of anaemia was high but there was a decrease over the 8-year study period, with a mean haemoglobin value of 11.6 g/dL [7. Due to the association between age at inclusion and age at the time of transplantation, two models were adjusted: one considering age at the time of inclusion and another considering age at the time of transplantation. Odds ratios adjusted by the remaining variables (OR > 1 means higher probability to belong to the 2009 cohort; OR < 1 means higher probability to belong to the 2001 cohort). Odds ratios adjusted by the remaining variables (OR >1 means higher probability to belong to the 2009 cohort; OR <1 means higher probability to belong to the 2001 cohort). patients start dialysis with more severe anaemia than patients entering dialysis for the first time. Twelve months later, both groups present a similar clinical condition with the exception of residual kidney function, higher in failed native kidney patients [33] . Taken together, these findings suggest a better clinical management of kidney transplant recipients in recent years compared with previous periods despite a higher donor and recipient age as well as a higher proportion of diabetes in the 2009 cohort. As a result, the percentage of patients treated with an ESA at any time during the 12 months before readmission to dialysis therapy increased significantly between 2001 and 2009. The fact that morbidity and mortality rates were similar between both cohorts supports this argument.
The present results should be interpreted taking into account some limitations of the study. One important limitation is the intrinsic design of the study. As has been the case of other studies in this area, our data were collected retrospectively. Unlike most previous studies, however, we have examined differences in two kidney transplant population cohorts to ascertain changes in the impact of anaemia on the long-term outcome of kidney transplant recipients. Moreover, differences in the clinical profile of patients with chronic progressive graft dysfunction during the previous year before readmission to dialysis therapy have not been evaluated in previous reports. Although a centre effect may be present, we have compared the total cohort data in relation to coincident centres and there were no statistically significant differences suggesting bias by centre (data not shown). The fact that we have no data to calculate the evolution of the erythropoietin resistance index in the cohort from 2009 is a weakness of the study. Other limitations of the study include the lack of data on donor-specific antibodies, delayed graft function and long-term outcome.
Finally, although patients with chronic renal failure due to graft failure had a poorer renal function at the time entering dialysis and a more profound anaemia [7] , the management of anaemia to achieve haemoglobin target is similar among European countries [27, 34] .
In conclusion, the percentage of patients with anaemia (and its severity due to progressive chronic graft nephropathy) 1 year before and at the time of restarting dialysis has decreased over the past 8 years, increasing significantly the percentage of patients treated with ESAs.
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